The leukoencephalopathy of infantile GM1 gangliosidosis: oligodendrocytic loss and axonal dysfunction.
A myelin deficit in the cerebral white matter in infantile GM1 gangliosidosis is well established. Some have proposed this deficit to be secondary to axonal loss, while others argue for delayed or arrested myelination. We compared the frontal white and gray matter of two infants with GM1 gangliosidosis with four age-matched controls, using light microscopy with a quantitative analysis, immunohistochemistry, terminal deoxynucleotidyl transferase-mediated nick-end labeling (TUNEL), and electron microscopy (EM). In the GM1 cases, we found a marked decrease in the number of oligodendrocytes (85% in case 1 and 50% in case 2) and myelin sheaths (80% and 40%), with a mild decrease in axons (20% and 10%). Ultrastructurally, some naked axons and dilated cisterns of rough endoplasmic reticulum (RER) in oligodendrocytes were observed. There was no appreciable storage in remaining oligodendrocytes, nor obvious neocortical neuronal loss. An immunohistochemical decrease in proteolipid protein (PLP) and a more profound deficiency of myelin basic protein (MBP) indicate that this lesion is not simply the result of a delay or arrest in myelination and suggests a "dying-back" oligopathy. TUNEL-positive oligodendrocytes correlated with activated caspase-3 immunoreactivity. Amyloid precursor protein (APP)-immunoreactive aggregates were observed in proximal axons and meganeurites as well as in white matter axons. These data suggest that the myelin deficit results from a loss of oligodendrocytes and abnormal axoplasmic transport, perhaps consequent to massive neuronal storage of GM1.